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Abstract
Background Complete proximal avulsions of the ham-
string muscle group may cause significant morbidity and
loss of function. These pelvis-near musculoskeletal injuries
are mostly acquired during sports activities in a hip flexion
and knee extension. Here we present a study group of 6
middle-aged to elderly patients suffering a complete
proximal hamstring avulsion and following early surgical
refixation. Early surgical refixation leads to complete
resumption of the activities of daily life without loss of
function.
Materials and methods The 6 patients (3 men and 3
women) included in this study had an average age of
59.07 ± 4.47 years at the time of injury. All of them suf-
fered a complete avulsion of the hamstring muscle group.
Surgical refixation was accomplished with the corkscrew
anchor refixation system (Arthrex Manufacturing, Inc.,
Naples, FL). The cases were retrospectively analyzed using
a hip joint evaluation system, the Harris Hip Score, and
radiological follow-up by magnetic resonance imaging
(MRI). Data are given as mean ± SEM. Student’s t-test
was used for normal distribution of the data.
Results The mean follow-up time was 31.83 ± 18.9
months (range: 10–118 months). All patients were rated
not to have a significant difference in function compared
with the uninjured side. None of the patients suffered any
handicaps resulting from surgery or the injury. A complete
consolidation in all patients was observed in the follow-up
MRI.
Conclusions Early surgical intervention and subsequent
therapy in a complete hamstring avulsion injury may pre-
vent loss of hip-joint stability and prevent the sequalae of
degradative hip or vertebral events.
Introduction
Hamstring injuries occur during sporting activities such as
maximal sprinting and hurdle running [1–3]. The patients
often feel a subgluteal pain accompanied with an audible
snap. Most hamstring injuries can be managed conserva-
tively if there is only partial rupture of the tendons [4], but
most are also prone to high recurrence rates [5]. In other
types of hamstring injuries surgery is clearly recommended
[6–9]. The surgical treatment of hamstring injuries and the
outcome of those surgical procedures have received rela-
tively little attention [10–12]. The muscle group of the
hamstrings consists of three muscles: the biceps femoris,
the semimembranosus, and the semitendinosus. The distal
insertion side of the biceps femoris is the proximal lateral
tibia head and the head of the fibula, the distal insertion
side of the semimembranosus muscle is the mediodorsal
proximal tibia head. The biceps femoris together with the
semimembranosus muscle form the popliteal arcade. The
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distal insertion side of the semitendinosus muscle is the
anteromedial tibial head; the semitendinosus, with the
sartorius and the gracilis muscles, forms the pes anserinus.
The proximal insertion side of these three muscles is the
ischial tuberosity. The mostly injured muscle of this group
is the biceps femoris, and the injury usually occurs at the
muscle tendon junction side [13, 14] in young sportive
patients. Most avulsions are treated nonoperatively, with
operative treatment suggested if the diastasis of the rupture
cleft is more than 2 cm [15].
Sociostructural changes in Western societies has led to
changes in the individual activities of the citizens. Aging
and increasing sportive activities of people over the age of
60 years can lead to age- and sports-specific injuries. Thus
the hamstring injury formerly reserved for athletes and
young sportive adults may occur in middle-aged to elderly
patients. In our study we present 6 such patients with
complete hamstring avulsion who underwent operation for
refixation. The follow-up of the early surgical treatment
revealed not only very good integration into everyday
activities but also a good sportive age-related integration.
Methods
Six patients with complete avulsion of the hamstring
muscle group were treated in our department between the
years 1999–2008. In all cases avulsion of the biceps
femoris, semitendinosus, and semimembranosus muscles
was complete. The cases were reviewed retrospectively.
None of the patients had to be excluded for concomitant
pelvis-near injuries, which would have required a different
therapy and follow-up. After operative treatment the fol-
low-up periods for our 6 patients were 6 weeks, 3 months,
6 months, and 12 months or more. The male to female
ratio of the patients was 1:1 (3 women and 3 men). The
mean age was 59.07 ± 4.45 years at the date of the sur-
gical refixation (mean ± SEM; range: 73.42–47.33 years).
In 4 of the patients the injury was on the left side; in the
other 2, on the right side. All patients were included
according to the standards and with the agreement of the
hospital ethics committee.
Trauma mechanism and initial diagnostics
All patients suffered a hyperflexion trauma in the hip,
mostly combined with an extension in the knee on the same
side during everyday activities. Walking downstairs and
missing the last step was described by these patients, and
this leads to unexpected hyperextension of the knee
and compensatory flexion of the hip. This combination
leads to acquisition of a hamstring injury. Gardening, a
frequent activity of the middle-aged to elderly patient,
often leads to the same injury caused by steps or uneven
ground. Recreational sporting activities such as walking,
hiking, and cycling were reported by the patients as regular
activities. None of the patients were high-level athletes. No
acoustic effect at the trauma event was registered in any of
the included patients. The first clinical finding was pain.
After a brief delay the patients presented in the emergency
department (delay: 12–48 h) because of persistent pain and
weakness affecting stability of the hip during walking.
Clinical examination revealed a painful infragluteal rim,
usually with an infragluteal hematoma in statu nascendi
and relaxed hamstrings compared to the uninjured side.
Palpation of the ischial tuberosity was inconclusive; in fact,
Fig. 1 Initial diagnostic findings in a 48-year-old man with avulsion
of the hamstring muscle group and initial ischial palsy caused by a
huge hematoma in the posterior compartment of the right limb. a
Conventional sonographic examination shows a collection of liquid
(asterisk) (3 9 13 cm). b. Computer tomographic (CT) scan of the
proximal femoral region shows a hematoma (asterisk) with a small
bone chip originating from the ischial tuberosity (arrow). Emergent
evacuation of the hematoma and refixation of the hamstring
components led to complete remission of the ischial palsy. In this
emergent case no initial magnetic resonance imaging (MRI) scans
were obtained to assure the diagnosis
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it was often impossible because of the infraglueteal
hematoma. Sonographically there was a high suspicion of
tendomuscular injury of the hamstring muscle group
(Fig. 1a). In one case, an emergency CT scan of the caudal
pelvis because of ischial palsy revealed an infragluteal
hematoma, with a hematoma in the hamstring compartment
and an osseous fragment dislocated from the ischial
tuberosity (Fig. 1b) (In this case no initial MRI was
obtained because the initial diagnosis led to emergency
operation). To confirm the suspicion of complete avulsion
of the hamstring muscle group MRI (n = 5) was obtained
to confirm the initial diagnosis (Fig. 2a and 2b). One of the
included patients developed ischial palsy with a sensori-
motor deficit, completely resolving after emergency evac-
uation of the hematoma and reinsertion of the hamstring
muscle group.
Surgical procedure
All patients were positioned in a prone position on the
operating table with their arms adducted. The initial
approach was transverse in the infragluteal rim. After
dissection of the subcutaneous fatty tissue, the surgeon
took the direct approach into the posterior hamstring
compartment identifying the torn hamstring muscle group.
The only critical structure requiring protection is the ischial
nerve, which is positioned laterally. Both muscle stumps
are identified and the tuberal ischii are prepared for rein-
sertion. In treating a pelvis (bone)-near avulsion of a ten-
don, a corkscrew anchor system (titanium; Arthrex
Manufacturing) was used. Usually three corkscrews were
applied into the ischial tuberosity and the tendon was
reinserted with an interweaving suture technique (Fig. 3a
and 3b). A medium-sized drain was placed, and its removal
was based on the secretion fluid measured 24–48 h
postoperation.
Physiotherapeutic treatment and follow-up
Postoperatively the patient was mobilized on crutches with
15 kg weight bearing on the affected side after removal of
the drain. Hip flexion over 30 was avoided, as was forced
extension over 30 in flexion of the knee. An extension
high-seat was used for the toilet, and other sitting activities
had to be avoided. All patients received oral anticoagulants
to avoid deep venous thrombosis for the first postoperative
Fig. 2 a Coronal inversion recovery (IR) fat-saturated MRI of the
hamstring tendons demonstrates edema (high signal intensity) around
the tendon and muscles, with avulsion of the left hamstring tendon
origin (arrow). Compare the findings with the right side. b A similar
scan in the transverse plane reveals hemorrhage and avulsion of the
left proximal common hamstring tendon (arrow). c and d The same
planes and the same MRI parameters in the same patient after surgical
repair (12 months) of the hamstring tendon injury. The sequence
allows a good overview of the adapted conjoined tendon (arrows) and
the surgical sutures (corkscrew anchor system; black intraosseous
spots) as compared to the right, normal side. No fatty muscular
degeneration was observed after operative treatment
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6 weeks. Conventional nonsteroidal anti-inflammatory
drugs (NSAR/NSAID) were used to manage postoperative
pain. After 6 weeks the patients were advised to restart
mobilization with full weight-bearing, and to avoid sports
for an additional 6 weeks. After the 12-week recovery
period, patients were able to resume full physical activity
and were reintegrated into normal daily routines. To assess
functionality, we used the Harris hip score [16] as modified
according to Haddad et al. [17] considering the hip to be a
musculoskeletal functional unit. At the final follow-up
visit, MRI (n = 6) was used to asses the repair, with a fat
saturated MR protocol (TI 130.0 ms; TR 5000.0 ms; TE
28.0 ms; TA 03:45 ms; BW 130.0 ms).
Statistical analysis
Data, given as mean ± SEM, were considered as statisti-
cally significant if p \ 0.05. For normal distribution of the
data, Student’s t-test was used. Statistical analysis was
performed using SigmaStat for Windows 3.00.
Results
Clinical findings of the patients and final follow-up
The mean follow-up after surgical proximal reinsertion of
the hamstring muscle group was 31.83 ± 18.9 months
(range: 10–118 months). There was no significant differ-
ences between the women and the men in terms of age
(p = 0.927; n = 3 each group) or the time of final follow-
up (p = 0.368; n = 3 each group) (Table 1).
The examinator’s first impression was symmetrical
walking. The skin was intact and without pain manifesta-
tion. Palpation of the ischial tuberosity showed a sym-
metrical tendinous strain without manifestation of pain. For
evaluation of the function of the injured side we used the
Harris hip score. No significant differences were found
between the anamnestically evaluated Harris hip score
before the trauma and the value at the final follow-up.
There were no significant differences between the injured
and non-injured sides at the final follow-up (Table 1). The
patients were able to resume the activities of daily life by
the time of the final follow-up.
Final radiological evaluation
To asses the operative success of the reinsertion of the
hamstrings, a final MRI examination was performed. The
specific scanning sequence allowed a good overview of
the conjoined tendon and the surgical sutures as opposed to
the uninjured side. No fatty muscular degeneration was
observed after operative treatment (Fig. 2c and 2d). There
was no signal alteration at the bone–tendon border or in the
tendons compared to the uninjured side (Fig. 2c and 2d),
and the hematoma was resolved. A radiologist experienced
in interpretation of MRI scans considered the tendons to be
healed in every case.
Discussion
Injury to the hamstring was traditionally described in ath-
letic individuals occurring in non-contact situations while
the person was running [2, 18, 19]. With our study group
we presented an unusual patient population of middle age
or older. In the industrialized and Western-oriented socie-
ties aging of the population does not represent a particular
problem, but shifts in sporting activities with age will
likely lead to injury in older populations. Furthermore,
hamstring injuries are not only connected only with
sporting activities but also with everyday activities in
middle-aged to elderly patients. A ‘‘bad movement’’ in a
middle-aged to elderly untrained patient can lead to a tear
of the hamstrings. The mechanism is similar to that seen in
Fig. 3 a Conventional radiologic imaging after reinsertion of the
hamstring muscle group after avulsion injury. The corkscrew anchors
are located in the ischial tuberosity (arrow). An interwoven suturing
technique was employed to approximate the tendons to the rupture
site after application of the corkscrew anchoring system. b With the
corkscrew anchor system from Arthrex Manufacturing, small conical
screws can be applied into spongiform bone for reattachment of soft
tissue structures. (Illustration kindly provided by Arthrex Manufac-
turing, Inc., Naples, FL.)
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younger patients: hyperflexion in the hip and extension in
the knee. Epidemiological studies have shown that lesions
of the hamstring muscle group occur during eccentric
contractions [18, 20, 21]. The microscopic working
hypothesis seems to posit a non-uniform lengthening of the
sarcomeres resulting in microscopic damage [18, 22, 23].
With chronic repetition of these eccentric contractions, a
locus minoris resistentiae may develop, leading to an
avulsion injury if the appropriate mechanism occurs. Var-
ious mechanisms of action of the hamstrings have been
described in young athletic individuals, and the multi-
functionality of this muscle group seems to be the basis for
its susceptibility to injury: Eccentric contraction and
slowing knee extension, as well as isometric contraction to
control pivoting of the knee and to take part in extension of
the hip, are functions that may take place almost simulta-
neously, resulting in damaged sarcomeres [22, 23]. Neu-
rologically, the M. biceps femoris is bineurally controlled,
indicating a possibility of mistimed neurological control.
Mistiming of the innervations may lead to reduced effec-
tive force and failure to fulfill the mechanical movement
[18]. To understand the mechanism of avulsion, we have
also to infer the mismatch of forces between M. quadriceps
femoris and the hamstrings as its counter-players. Weak
hamstrings may be susceptible to injury. A consensus
suggests that healthy hamstring muscles have to be able to
develop [60% of the force of the M. quadriceps femoris
[24, 25]. In middle-aged to elderly men and women cer-
tainly the same mechanisms contribute to avulsion injuries,
which occur more acutely than chronically. Personal
overestimation of one’s fitness and strength may lead to
acute hamstring avulsions. The clinical findings are the
same as in young individuals: infragluteal hematoma,
asymmetrical walking, and an inability to run. The physi-
cian’s efforts to palpate a tendinous gap may be impeded
by a hematoma along the infragluteal rim. Concomitant
secondary injuries are rare. One patient with initial ischial
palsy upon proximal avulsion of the hamstrings has to be
mentioned. Even though rare, concomitant ischial palsy
may occur and masquerade as lumbovertebral pathology
[26, 27]. In the single case in our group this problem
completely resolved after surgical treatment and evacua-
tion of the hematoma. Initial suspicion of a proximal
avulsion of the hamstrings has to be confirmed. Initially,
sonography was used as the initial diagnostic tool, and if
there was significant evidence of an avulsion of the ham-
strings, that diagnosis was confirmed by MRI. Unfortu-
nately, there is not a report of a group of patients with torn
hamstring tendons who were treated conservatively.
Therefore, the operative treatment of this type of injury as a
standard treatment cannot be assessed.
There is some evidence that fatty degradation of the
muscle occurs in chronic hamstring lesions [28].
Nonoperative treatment of proximal hamstring avulsion
has a poor prognosis, and although surgery seems to be
recommended more frequently it is not yet a standard [9,
28]. In the group presented here, all patients were treated
early, with a maximal delay to surgery of 28 days. To refix
Table 1 Overall distribution of the 6 patients (3 men and 3 women) included in this study
Age, years Sex Follow-up,
monthsa
Delay to surgery,
days
Initial complicationsb Harris hip score,
left/rightc
65.58 M 10 4 Inability to run
Painful walking
100/100
61.67 M 20 28 Inability to run
Painful walking
100/100
73.42 F 19 5 Inability to run
Painful walking
86/86
57.42 F 12 3 Inability to run
Painful walking
100/100
47.33 F 12 7 Inability to run
Painful walking
97/97
48.21 M 118 2 Initial palsy of ischial nerve
Inability to run
Painful walking
100/100
a The final follow-up was conducted 10–118 months after surgical reinsertion of the hamstring muscle group
b Pain and a certain weakness of the involved hip were observed, and one patient developed increasing ischial palsy with a sensorimotor deficit
that resolved after surgical intervention.
c Harris hip score was determined at the final follow-up visit of each patient, and no differences between injured and not injured side, and
compared to the injured side before trauma. (Harris hip score maximum 100 points; a good result was a rating over 75 points)
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tendinous avulsion injuries, we used the corkscrew anchor
system developed by Arthrex Manufacturing. The intraos-
seous application allows optimal adaptation to the ischial
tuberosity. In addition, 6 weeks seems to be an appropriate
period of time to mobilization, although the reported period
has varied between 2 and 8 weeks [7–9, 28–31]. The out-
come of the operative treatment revealed patients who had
resumed the activities of daily living without any loss of
functionality.
In conclusion, early operative treatment of hamstring
avulsion in the middle-aged to elderly active patient seems
to be recommended. Certainly the indication for the oper-
ative treatment has to be evaluated with respect to any
concomitant diseases and the patient’s capacity to recover
and resume the activities of normal daily living.
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